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Deparia petersenii has a large morphological variation in plant size and leaf shape in Japan. To 
reveal possible distinct biological units of this species, we determined the chromosome numbers and 
nucleotide sequences of the rbcL and ndhF genes of 58 plant samples from 16 different localities in 
Japan. We found three cytotypes (tetraploid, hexaploid, and pentaploid) and ten cpDNA haplotypes in 
Japanese D. petersenii. The cpDNA haplotypes of the tetraploid were different from those of the 
hexaploid, thus genetically differentiating these two cytotypes. Morphological differentiation was 
also observed between the two cytotypes. As a result, we recognized two distinct biological units in 
Japanese D. petersenii. 
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According to a monograph on the genus Deparia by 
Kato (1984), D. petersenii is a species diagnosed by 
a single morphological characteristic: a flat (not 
incurved) and laciniate indusia. Its geographic dis¬ 
tribution is very wide, covering Old World tropical 
and subtropical areas. Even in Japan, the distribu¬ 
tion ranges from the Pacific Ocean side of the south¬ 
ern part of Honshu, Shikoku, and Kyushu islands to 
the Ryukyu Islands, which extend south toward 
Taiwan. Both the plant size and the leaf shape of 
this species are highly variable. Even within Japan, 
a large degree of morphological variation is 
observed in this species (Fig. 1). 

Ohba (1965), Serizawa (1973), and Kato 
(1984) taxonomically studied a Japanese D. peter¬ 
senii complex (Ohba and Serizawa called it 
Lunathyrium petersenii ). Ohba (1965) divided L. 
petersenii into three Varieties: L. petersenii var. 


petersenii, var. grammitoides, and var. itoanum. 
Lunathyrium petersenii var. petersenii sensu Ohba 
(1965) has a lamina width of 5 to 20 cm, and its 
leaves are oblong-lanceolate to ovate-lanceolate, 
with deltoid or obtuse pinna apices. This is the 
most common of the three varieties in Japan. Var. 
grammitoides has a lamina width of less than 3 cm 
with obtuse pinna apices, and its distribution range 
is limited to the Pacific Ocean side of the Honshu, 
Shikoku, and Kyushu islands, and to the Ryukyu 
Islands. Ohba (1965) combined Diplazium gram¬ 
mitoides form, yakusimense into this variety. Var. 
itoanum is more than 20 cm in lamina width, and its 
leaves are oblong-lanceolate to deltoid, with acute 
pinna apices. This variety is recorded only by its 
type specimen collected from Yaku Island (LI. Ito 
s.n., 1937 in ti). 

Serizawa (1973) recognized two varieties in 
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Fig. 1. Variation of leaf size and shape in Japanese Deparia petersenii. Scale bar = 10 cm. 


Lunathyrium petersenii, var. petersenii and var. 
yakusimense. The diagnostic characteristics of var. 
yakusimense are the linear to linear-lanceolate leaves 
7 to 25 cm in lamina length and 1.5 to 3.5 cm in 
lamina width, and the ovate-oblong and almost 
entire pinnae. This variety grows only on Yaku 
Island and then only at high elevation. However, 
Serizawa (1979) combined L. petersenii var. yakusi¬ 
mense into Deparia conilii because he considered 
var. yakusimense to resemble D. conilii morpho¬ 
logically as much as it does D. petersenii. 

Kato (1984) recognized two varieties in 
Deparia petersenii var. petersenii and var. yakusi- 
mensis. Kato (1984) divided Lunathyrium petersenii 
var. grammitoides sensu Ohba (1960) into two 
groups, D. confluens and D. petersenii var. yakusi- 
mensis. Kato (1984) categorized Diplazium gram¬ 
mitoides into one of the synonyms of D. confluens 


that he treated as a rheophytic species from South¬ 
east Asia (Philippines, Borneo, Java, Bali, Sumbawa, 
Temate, Celebes, Fiji, Samoa, Tahiti). On the other 
hand, he combined Di. grammitoides form, yakusi¬ 
mense and L. petersenii var. yakusimense sensu 
Serizawa (1973) into D. petersenii var. yakusimen- 
sis, which is distributed only in Japan (Kyushu and 
Shikoku) (Type: Masamune s.n., 1928 in ti). Kato 
(1984) also mentioned that, although many small 
individuals grow at both low and high elevations on 
Yaku Island, the small plants growing at low eleva¬ 
tions (< 500 m) are juvenile individuals of var. 
petersenii, while the plants growing at higher ele¬ 
vations (> 500 m) are var. yakusimensis . 

Very little information is available on the 
Deparia petersenii complex, especially regarding its 
genetic background. As for cytological information, 
Kurita (1960, 1967) reported a tetraploid (4x) cyto- 
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type from Japanese Lunathyrium petersenii var. 
petersenii sensu Ohba (1965). Kurita (1972) report¬ 
ed a hexaploid (6x) cytotype from L. petersenii var. 
grammitoides sensu Ohba (1965). However, each of 
these cytological findings was obtained from only 
one individual. Therefore, more detailed cytologi¬ 
cal information on D. petersenii is necessary to 
understand the relationships between the wide mor¬ 
phological and cytological variations within this 
species. 

In the present study, we collected plant samples 
from 16 different localities, covering the entire 
range of both intraspecific morphological variation 
and geographical distribution in Japan (Fig 2). We 
planted these samples in our greenhouse to observe 
their morphological stability. Subsequently, we 
used these samples to make cytological (chromo¬ 
some number) and molecular analyses to reveal the 
genetic properties of Japanese Deparia petersenii. 
Intraspecific polyploidy is sometimes related to 
size variation in plants (Miintzing 1936). In pteri- 
dophytes, for example, Masuyama (1979) reported 
the existence of diploid (2x) and tetraploid (4x) 
plants in Phegopteris decursive-pinnata, and that the 
leaf size of the 4x plants was smaller than that of the 
2x. It is possible that ploidy level varies in D. 
petersenii, and that at least some degree of plant size 
variation in this species may be related to such an 
intraspecific polyploidy. Thus, we cytologically 
examined many individuals of D. petersenii in this 
study. 

Recently, molecular information, especially 
DNA sequence data (e.g. rbcL sequences), have 
provided powerful clues to reveal cryptic species of 
various ferns such as Hymenasplenium obliquissi- 
mum (Aspleniaceae), Diplazium doederleinii (Woo- 
dsiaceae), Ceratopteris thalictroides (Parkeriaceae), 
Cheiropleuria bicuspis (Dipteridaceae), and 
Asplenium nidus (Aspleniaceae) (Murakami et al. 
1998a, 1998b, Takamiya et al. 1999, Kato et al. 
2001, Yatabe et al. 2001, Masuyama et al. 2002). 
Hasebe et al. (1995) and Sano et al. (2000a, b, c) 
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determined the rbcL sequences of 19 species of 
Deparia including D. petersenii. Sano et al. (2000c) 
reported that they could not find a sufficient 
sequence variation to solve the phylogenetic rela¬ 
tionship between different species of Deparia. 
Therefore, in the present study we developed new 
primers for PCR amplification of the ndhF gene, 
which has a higher molecular evolutionary rate than 
rbcL in angiosperms (Olmstead & Sweer 1994). 
As a result, we found sequence variations in rbcL 
and ndhF genes in D. petersenii. We also examined 
relationships among cytotypic, morphological and 
DNA haplotypic variations in this species. 

Materials and methods 

Plant materials 

A total of 58 individuals of Deparia petersenii from 
16 localities in Japan were collected for cytological 
and molecular analyses. Information on the col¬ 
lection sites, vouchers, and chromosome numbers 
appears in Table 1. Voucher specimens were 
deposited in the herbarium of the Graduate School 
of Science, Kyoto University (kyo). Living stocks 
were cultivated in the greenhouse of the Botanical 
Garden, Graduate School of Science, Kyoto 
University. We mapped all recognizable sporo- 
phytes of Deparia petersenii in a 10X6 m area 
along the Kusukawa trail on Yaku Island. All 
mapped individuals were collected for cytological, 
molecular, and morphological analyses. 

Cytological analysis 

For observations of mitotic chromosomes, we 
employed the techniques described by Takamiya 
(1993). Root tips were pretreated with 0.002 M 8- 
hydroxyquinoline for 6 hr at about 20°C. After 
fixation in 45% acetic acid, the root tips were 
hydrolyzed in 1 M HC1 at 60°C for 2 min and then 
squashed in 2% aceto-orcein. For examinations of 
spore viability, gametophytes were cultured from 
spores collected from an individual of Deparia 
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Fig. 2. Localities of plant materials examined in this study. A. Map showing collection sites (solid circles). Exact 
localities and corresponding numbers are given in Table 1. B. Geographical distributions of three cytotypes and 
ten cpDNA haplotypes (A-J). The sources and data of the haplotypes are shown in Tables 1 and 2. Square - 
tetraploid, Triangle = hexaploid, Circle = pentaploid. 


petersenii (voucher: Shinohara 20118025 ). The 
gametophyte cultivation followed the method of 
Ohta & Takamiya (1999). 

rbcL and ndhF Sequencing 
DNA data were obtained from the same materials 
that were used for the cytological analysis. Total 
DNA was extracted from fresh leaves using the 
CTAB extraction method (Doyle & Doyle 1987). 
Double-stranded DNAs of two chloroplast genes 
(rbcL and ndhF) were amplified by 35 cycles of 


symmetric polymerase chain reaction (PCR). The 
universal primers designed by Hasebe et al. (1994) 
were used for amplification of rbcL. For PCR 
amplification of the ndhF gene, we developed a 
pair of new primers (ATCGGTATTTATG- 
GTCTTGG and CCATCGATGATCCATTGATC) 
by comparing the sequences of the ndhF region of 
Nicotiana tabacum, Osumunda japonica, and 
Lycopodium serratum obtained from a DNA data¬ 
base. PCR products were purified by electrophoresis 
in 1.0% agarose gel using lx TAE buffer. The 
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Table 1. Voucher information of plant samples and data of cytological and molcular analyses. 


Population. 

no 

Locality 

Voucher* 

Chromosome 
no. (2 n) 

Ploidy 

cpDNA 

haplotype 

i 

Kinokawa, Singu City, 

S. 20118055 

160 

4x 

A 


Wakayama Pref. 

S. 20118056 

160 

4x 

A 

2 

Deai, katuura-cho, Wakayama Pref. 

S. 20118005 

160 

4x 

B 

3 

Nagai, Wakayama Pref. 

S. 20118050 

240 

6x 

C 

4 

Aioi-cho, Tokushima Pref. 

S. 20118062 

160 

4x 

B 



S. 20118063 

160 

4x 

B 



S. 20118064 

160 

4x 

B 

5 

Jintu, Aioi-cho, Tokushima Pref. 

S. 20118058 

240 

6x 

C 



S. 20118049 

240 

6x 

C 

6 

Byoudouji, Tokushima Pref. 

S. 20118054 

240 

6x 

C 

7 

Kakurinji, Tokushima Pref. 

S. 20118048 

240 

6x 

C 

8 

Nisikuma, Fukuoka Pref. 

S. 20118052 

160 

4x 

A 

9 

Myoukenndaki, Fukuoka Pref. 

S. 20118008 

160 

4x 

A 

10 

Amitori, Fukuoka Pref. 

S. 20118006 

160 

4x 

A 

11 

Kiharayama, Kumamoto Pref. 

S. 20118007 

160 

4x 

A 

12 

Hasugaike, Miyazaki Pref. 

S. 20118047 

160 

4x 

A 

13 

Nichinan City, Miyazaki Pref. 

S. 20118053 

240 

6x 

D 



S. 20118003 

240 

6x 

D 



S. 20118051 

240 

6x 

D 

14 

Fujikawachi, Miyazaki Pref. 

S. 20118045 

160 

4x 

B 



S. 20118046 

160 

4x 

B 



S. 20118060 

160 

4x 

B 



S. 20118061 

160 

4x 

B 

15 

Kusukawa, Yaku Island, 

S. 20118010 

240 

6x 

F 


Kagosima Pref. 

S. 20118012 

240 

6x 

F 



S. 20118014 

240 

6x 

F 



S. 20118015 

240 

6x 

F 



S. 20118016 

240 

6x 

I 



S. 20118017 

240 

6x 

F 



S. 20118018 

240 

6x 

F 



S.20118019 

200 

5x 

B 



S. 20118020 

240 

6x 

F 



S. 20118021 

200 

5x 

A 



S.20118022 

200 

5x 

G 



S.20118023 

160 

4x 

E 



S. 20118024 

200 

5x 

B 



S. 20118025 

200 

5x 

E 



S.20118026 

240 

6x 

F 



S.20118027 

240 

6x 

I 



S.20118028 

200 

5x 

H 



S.20118029 

200 

5x 

C 



S.20118030 

160 

4x 

E 



S. 20118031 

240 

6x 

F 



S.20118034 

240 

6x 

F 



S.20118035 

240 

6x 

F 



S. 20118036 

200 

5x 

A 


Nil-Electronic Library Service 





The Japanese Society for Plant Systematics 


142 


APG 


Vol. 54 


Table 1. continued 


Population. 

no 



Locality 



Voucher* 

Chromosome . , 

no. (2 n) Pl0ld y 

cpDNA 

haplotype 







S.20118037 


160 4x 


A 







S.01091206 


240 6x 


C 

16 

Kosugitani, Yaku Island, 



S.01091435 


240 6x 


J 


Kagosima Pref. 




S.01091413 


240 6x 


c 







S.01091436 


240 6x 


J 







S.01091434 


240 6x 


J 







S.01091437 


240 6x 


J 







S.01091412 


240 6x 


c 







S.01091410 


240 6x 


D 







S.01091419 


240 6x 


D 







S.01091417 


240 6x 


C 







S.01091418 


240 6x 


C 

* S.: Shinohara 










Table 2. Ten cpDNA haplotypes 

in Japanese Deparia petersenii. 

(Numbers indicate base substitution sites) 



cpDNA 


rbcL 



DDBJ No. 

ndhF 





haplotype 

847 

930 

976 1084 

1191 1813 

1887 

DDBJ No. 

Polyploidy 

A 

C 

C 

G 

G 

AB095977 

C A 

C 

AB095980 

4x 

5x 

B 

C 

C 

G 

G 

AB095977 

T C 

C 

AB095981 

4x 

5x 

C 

c 

c 

A 

A 

AB095976 

C A 

c 

AB095980 

5x 

6x 

D 

c 

c 

A 

A 

AB095976 

C A 

G 

AB095982 

6x 


E 

T 

c 

G 

G 

AB095974 

T A 

C 

AB095979 

4x 

5x 

F 

T 

c 

A 

A 

AB095975 

C A 

C 

AB095980 

6x 


G 

T 

c 

G 

G 

AB095974 

T C 

C 

AB095981 

5x 


H 

C 

c 

A 

A 

AB095976 

T C 

C 

AB095981 

5x 


1 

T 

c 

A 

A 

AB095975 

T C 

C 

AB095981 

6x 


J 

C 

T 

A 

A 

AB095978 

C A 

C 

AB095980 

6x 



amplified DNA fragments were eluted from the gel 
using the GENECLEA1II kit (BIO101). Purified 
PCR products were sequenced in both directions 
using a Big Dye terminator cycle sequencing kit 
(Perkin-Elmer Applied Biosystems) on an Applied 
Biosystems Model 377 automated sequencer 
(Perkin-Elmer Applied Biosystems). The sequences 
obtained were aligned using Sequence Navigator 
Software (Perkin-Elmer Applied Biosystems). The 
DDBJ accession numbers for the nucleotide 
sequences of haplotypes are shown in Table 2. 

Morphological analysis 

The morphological characteristics of voucher spec¬ 


imens used for cytological and molecular analyses 
were measured quantitatively. We measured each 
sample's lamina length and width. The morpho¬ 
logical differences between ploidies or cpDNA hap¬ 
lotypes were statistically tested by t-test. To test for 
differences between cpDNA haplotypes, only those 
haplotypes that appeared in five or more individuals 
within the population were tested. 

Results 

Cytological Observations 

Three cytotypes were found in Deparia petersenii. 
Eighteen plants collected from ten localities had 
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2 n = 160 chromosomes, indicating that they were 
tetraploid (4x) based on x = 40 (Figs. 3, 6). Thirty- 
five plants from seven localities were hexaploid 
(6x), with 2 n = 240 chromosomes (Figs. 5, 8). 
Eight plants, all from a single location (Yaku Island), 
were pentaploid (5x) with 2 n = 200 (Table 1, Figs. 4, 
7). In these 5x plants, fertile leaves were found in 
only one of the eight individuals. The spores col¬ 
lected from this single 5x plant (voucher: Shinohara 
20118025 ) did not germinate at all. 

Although the geographical distribution ranges 
of the 4x and 6x types overlapped, these two cyto- 
types were not found together within the same pop¬ 
ulation, except in the Yaku Island population (Table 
1, Fig. 2). Either 4x or 6x plants were found in the 
geographical range from Wakayama prefecture to 
Kagoshima prefecture. On Yaku Island (Kagosima 
prefecture), all three cytotypes (4x, 5x, 6x) were 
sympatrically found in a single population (Kusu- 
kawa) (Table 1, Fig. 9A). 

DNA variation 

We sequenced 1,236 nucleotides of the rbcL gene 
and 838 nucleotides of the ndhF gene for all of the 
plant materials obtained. Seven variable sites (four 
in rbcL and three in ndhF) were found, and ten 
haplotypes in total were recognized. Types D, F, I, 
and J were found only in the 6x plants. Types A, B, 
and E were found only in the 4x and 5x plants. 
Type C was found in the 5x and the 6x plants. 
Types G and H were found only in the 5x plants on 
Yaku Island. Thus, no haplotype was shared 
between the 4x and 6x plants. Based on these mol¬ 
ecular findings, 4x and 6x plants were genetically 
differentiated even in plastid DNA. With regard to 
geographical distribution, types A, B, and C were 
widely distributed in Japan (Fig. 2). Four of the ten 
haplotypes (types F, G, H, and I) were restricted to 
Yaku Island. In the Kusukawa population on Yaku 
Island, eight of the ten haplotypes were sympatri¬ 
cally growing (Table 1, Fig. 9B). 
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Comparison of qualitative and quantitative mor¬ 
phological characteristics between the three cyto¬ 
types 

The 4x and 6x plants of Deparia petersenii were 
morphologically distinguishable. The leaves of the 
4x type were ovate-lanceolate or narrowly deltoid in 
shape and deeply bipinnatifid, whereas those of the 
6x type were linear-lanceolate and shallowly bipin¬ 
natifid. Quantitative characteristics were as fol¬ 
lows. The 4x plants were larger in size than the 6x 
plants (Table 3); lamina length and width were sig¬ 
nificantly larger in the 4x plants than the 6x (P< 
0.01). The 5x plants had an intermediate leaf mor¬ 
phology and ranked in size between the 4x and the 
6x. The lamina length and width of the 5x plants 
differed significantly from those of the 4x or the 6x 
(P< 0.05). Greater size-variation was observed 
among the 4x plants than among the 6x plants. No 
significant leaf size difference was observed between 
every two haplotypes found in the same ploidy 
level (Table 4). 


Table 3. Quantitative morphological characters by ploidy. 


Character 

Tetraploid 

(N=18) 

Pentaploid 

(N=8) 

Hexaploid 

(N=32) 

Lamina length (cm) 10.87±4.12 

9.91±3.39 

4.18±1.77 


(5.5-19.8) 

(5.5-15.2) 

(2.3-8.8) a 

Lamina width (cm) 

4.80±2.55 

3.06±0.55 

1.57=1=0.59 


(1.1-11) 

(2.2-3.7) 

(0.8-3.2) 


a Mean±s.d. (Min.-Max.) 


Mapping analysis at Kusukawa population on Yaku 
Island 

We performed a individual mapping at Kusukawa on 
Yaku Island (Fig. 9A, B). At the mapped site, 3 
tetraploids, 8 pentaploids, and 14 hexaploids were 
recorded. The 4x and 5x plants grew in both the 
uphill and downhill portions of the site. For the 4x 
plants, the same number of individuals grew in 
both the uphill and downhill portions of the site. All 
of the 6x individuals that had smaller leaves grew 
only in the lower portion of the site (Fig. 9A). 
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Somatic metaphase chromosomes of Deparia petersenii and explanatory drawings. 6, 2 n 
scale bar = 10pm. 3, 6, 2 n = 160. 4, 7, 2 n = 200. 5, 8, 2 n = 240. Scale bars = 10pm. 


Table 4. Quantitative morphological characters by haplotype 


Character A (N= 10) 

B(N=10) C (N=l 1) 

D(N=5) 

E (N=3) 

F(N=11) 

G (N=l) 

H (N=l) 

I (N=2) 

J (N=4) 

Lamina length (cm) 11.0±2.24 10.57±5.06 4.84±3.91 

4.0±2.70 

8.80±4.33 

4.04±1.37 

5.50 

12.20 

5.85±1.91 

5.03±1.35 

(7.3-14.2) a 

(6.1-19.8) (2.5-15.2) 

(2.3-8.8) 

(5.5-14) 

(2.5-7.2) 



(4.5-7.2) 

(3.4-6.7) 

Lamina width (cm) 4.28±1.70 

4.97±3.13 1.45±0.77 

1.06±0.28 

2.67±0.47 

2.03±0.54 

3.50 

3.30 

1.95±0.07 

1.08±0.10 

(2.5-8.2) 

(1.1-11) (1-3.6) 

(0.8-.14) 

(2.2-3) 

(1.2-3.2) 



(1.9-2) 

d-1.2) 


a Mean±s.d. (Min.-Max.) 
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Cm) (m) 



A B 


Fig. 9. Sympatric population at the mapping site on Yaku 
Island. The shaded area on the right side of the site shows a 
shallow hollow.A. Distribution map by ploidy. Square = 
tetraploid, Triangle = hexaploid, Circle = pentaploid. B. 
Distribution map by cpDNA haplotypes. Open square = 
type A, Solid square = type B, Open diamond = type C, 
Solid diamond = type E, Open triangle = type F, Cross 
shape = type G, Bar = type H, Solid circle = type I. 

Clumped distribution was also observed for the 6x 
plants at this site. With regard to cpDNA haplo¬ 
types, all eight (A, B, C, E, F, G, H, and I) were 
found at this site. Plants of the same haplotype 
tended to grow adjacent to each other (Fig. 9B). As 
for their ecological differentiation, the 6x type tend¬ 
ed to grow at the bottom of a shallow hollow 
through which a small stream would form after 
heavy rain. On the other hand, the 4.x and 5x plants 
in the sympatric population grew not only at the bot¬ 
tom of the shallow hollow but also on the banks of 
the river. In allopatric populations in Honshu and 
Shikoku, the 6x type was never found near streams 
and was often found on sunny roadsides or in the 
gardens of old temples. The 4x type was also found 
in similar habitats. No clear ecological differentia¬ 
tion was recognized between 4x and 6x plants of 
Deparia petersenii on the Honshu, Shikoku, or 
Kyushu islands. 


Discussion 

Previously, Kurita (1960, 1967) reported a 4x (In 
=160 and n = 80) cytotype of Deparia petersenii 
based on his cytological observations of two plants, 
one collected from Kikugawa, Shizuoka prefec¬ 
ture, the other from Ichikawa City, Chiba prefecture. 
He also reported a 6x (In = 240) cytotype from 
Yaku Island, Kagoshima prefecture (Kurita 1972). 
However, his observation was based on only three 
individuals. Therefore, the geographical distribution 
of each cytotype has never been analyzed. In this 
study, we cytologically observed many individuals 
of D. petersenii and found that both the 4x and 6x 
plants are widely distributed in Japan. Our study 
also provided the first record of the 5x cytotype 
from this species. Although the geographical dis¬ 
tribution ranges of the 4x and 6x plants overlapped, 
these two cytotypes were not found within the same 
populations, except in the case of Kusukawa popu¬ 
lation on Yaku Island (Table 1, Figs. 2, 9A). The 5x 
plants were observed only in Kusukawa popula¬ 
tion on Yaku Island. 

A high correlation between ploidy level and leaf 
size was observed in this study. The 6x plants had 
smaller laminae than the 4x, and those of the 5x 
were intermediate between those of the 4x and 6x 
plants (Table 3). These size differences among the 
three cytotypes were stable even after plants were 
transplanted to a greenhouse (Fig. 10). Therefore, 
we may conclude that the size differences between 
polyploids are due not to plasticity but to stable 
genetic control. Size difference is also effective 
for phenotypically differentiating the 4x from the 6x 
plants in the field. Considering the intermediate 
lamina size, the sterility of the 5x plants, and the fact 
that some haplotypes (A, B, C and E) of the 5x 
plants were shared with either the 4x or 6x plants, 
the 5x plants might be FI hybrids of the 4x and 6x 
cytotypes. However, among the 4x and 6x types, we 
could not find any possible parents of the two hap¬ 
lotypes that were found only in the 5x type. The 
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Fig. 10. Gross morphology of the plants of tetraploid (left), pentaploid (center), and hexaploid (right). Scale bar = 10cm. 


abundance of Deparia petersenii in its wild popu¬ 
lation increases in the southern Kyushu, and increas¬ 
es markedly on Yaku Island. Our screening of hap- 
lotypes in D. petersenii might not have produced a 
sufficient sample size; in a larger sample, these 
haplotypes found only in the 5x plants might be 
found in either the 4x or 6x. 

We recognized two distinct biological units 
(the 4x and 6x plants) in Japanese Deparia peter¬ 
senii based on cytological, molecular, and morpho¬ 
logical information. We considered that the type 
specimen of var. yakusimensis (Type: Masamune 
s.n., 1928 in ti) is in the range of morphological 
variation of the 6x type based on its smaller leaf size 
and its locality (Yaku Island). Because we collect¬ 
ed plant materials from low and high elevation in 
Yaku Island which covered most of the morpho¬ 
logical variation and our plant samples should con¬ 
tained var. yakusimensis as well. Therefore, we 
concluded that the 4x and 6x plants found in this 
study are D. petersenii var. petersenii and var. 


yakusimensis, respectively. In the future, var. 
petersenii and var. yakusimensis should be treated as 
independent species in the taxonomical sense, as 
long as distinct biological units are considered dif¬ 
ferent taxonomical species. Kato (1984) mentioned 
that var. yakusimensis is distributed only in Kyushu 
(including Yaku Island) and Shikoku, but the 6x 
plants were found also on the Kii Peninsula. 

Kato (1984) concluded that the small individ¬ 
uals growing at low elevations (< 500 m) on Yaku 
Island were juveniles of Deparia petersenii var. 
petersenii. However, the results of the present study 
clearly show that the small plants are the 6x cytotype 
and, based on cpDNA data, are also genetically 
differentiated from the larger plants of the 4x cyto¬ 
type. The existence of a hybrid (5x) might have pre¬ 
vented the pteridologists from recognizing two dis¬ 
tinct biological units within D. petersenii. Deparia 
petersenii var. yakusimensis , defined by Kato (1984), 
was reported to grow in Kyushu and Shikoku. The 
same study mentioned that, especially on Yaku 
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Island, this variety grows only at high elevations (> 
500 m). Although we do not have sufficient data for 
statistical testing, the haplotype frequencies of the 6x 
plants seem to differ between the lower and higher 
elevations on Yaku Island. However, we did not find 
any significant quantitative morphological differ¬ 
ences between the haplotypes from the high and 
low elevations. At present, it is not clear whether 
two biological units are contained in the 6x plants on 
Yaku Island. Further analyses of the plants on 
Yaku Island are necessary. 

While several nucleotide variations were found 
on rbcL and ndhF genes, high degrees of homoplasy 
were observed among the haplotypes (Table 2). It 
has been reported that some hot spots exist on the 
rbcL gene (Murakami 1995). Such hot spots some¬ 
times cause a low value on the constancy index 
(Cl) for a molecular phylogenetic tree of closely 
related species or intraspecific taxa. For example, 
the molecular phylogenetic tree of the genus 
Hymenasplenium constructed on the basis of the 
rbcL gene showed a low constancy index (Cl = 
0.582) (Murakami 1995). Although no information 
is available on the hot spots of the ndhF gene, the 
high degree of homoplasy found in D. petersenii 
might be attributable to the existence of hot spots in 
both the rbcL and ndhF genes. 

A high correlation between chromosome num¬ 
bers and plant sizes has been reported for many 
plant taxa (Miintzing 1936, Levan 1939, Smith 
1939, Lewis 1980). A tetraploid is usually larger 
than a diploid. However, higher polyploid plants, 
such as hexaploids or octaploids, are often smaller 
than diploids or tetraploids in plant size (Miintzing 
1936). The comparison between the 4x and 6x 
plants in Deparia petersenii showed the same trend: 
the 6x plants were smaller than the 4x ones. This 
size difference might be attributable directly to a dif¬ 
ference in ploidy level. 

Deparia petersenii is distributed in Japan as 
well as in other areas of East Asia, Southeast Asia, 
and Oceania. Even larger variations of size and 
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shape have been observed in specimens of D. 
petersenii deposited in herbaria KYO and TI, espe¬ 
cially in the specimens collected outside Japan. 
Therefore, several distinct biological units in D. 
petersenii might yet be found in the distribution 
ranges outside Japan. Kato (1984) divided the 
genus Deparia into four sections (sect. Dryoathyri- 
um, Lunathyrium, Deparia, and Athyriopsis ) and 
put D. petersenii into sect. Athyriopsis. Most of the 
species in sect. Athyriopsis as defined by Kato 
(1984) were reported to be polyploid (4x, 6x ) 
(Takamiya 1996). In sect. Athyriopsis, diploids 
were reported only from D. otomasui by Hira- 
bayashi (1970). Therefore, it is very important to 
search out diploids of sect. Athyriopsis in order to 
clarify the origin and evolution of polyploidy in 
D. petersenii as well as to elucidate the evolutionary 
history of the section. In order to find diploids and 
new distinct biological units, we should expand the 
research area to a wider distribution range of D. 
petersenii. 

We wish to express special gratitude to Mr. Kouichi 
Ohora, Sadao Tsutsui, Tadashi Minamitani, and Satom 
Kinoshita for their valuable advice and assistance in field 
collection. Thanks are also due to the Director of TI for 
permission to examine specimens in the herbarium. 
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